Introduction
============

According to prospective epidemiological data, developing countries are expected to harbor the majority of dementia cases by 2040.[@B01] Countrywide prevalence studies performed to date in Brazil and Latin America demonstrate dementia rates similar or higher than those of the developed world.[@B02],[@B03] This points to a need for understanding the impact of social singularities on aging to promote more appropriate interventions.

Years of education have consistently been regarded as a protective factor of the cognitive aging process.[@B04]-[@B06] Although years of schooling alone may accurately represent the cognitive impact of education in some countries and social groups, this assumption cannot be made for worldwide implementation.

Studies of ethnically and socioculturally diverse populations have shown that the crude number of reported years of schooling may not precisely represent the impact of the educational process.[@B07]-[@B09] In developing countries with specific sociocultural issues, a reappraisal of this assumption is particularly warranted. In the case of Brazil, two main social factors interact with the education process in older-adult cohorts. For most older adults, studying was necessary only to learn basic reading and writing; work was the economic priority, concurrently with a rural-based lifestyle. Moreover, the quality of education and its policies oscillated more than expected over time, resulting in an actual literacy level that does not correspond to reported years of schooling.[@B10]

Nevertheless, years of education act as a large protecting factor. Crystallized cognition has been identified as another, since it can capture mature cognitive ability.[@B11],[@B12] Considering that semantic memory -- a crystallized ability responsible for knowledge -- increases as a result of cultural and occupational engagement and daily experience,[@B05],[@B13],[@B14] we aimed to ascertain whether it would be a better moderator than years of education in a socioculturally diverse sample. We also considered other frequently used resilience factors, such as occupational attainment[@B15] and intelligence,[@B16] as secondary objectives.

Methods
=======

Participants and procedures
---------------------------

The present study has a cross-sectional design. One hundred and fourteen healthy Portuguese-speaking Brazilian older adults, with a mean age of 72.69 years (standard deviation \[SD\] = 8.25) and mean educational attainment of 7.78 years (SD = 5.50), were recruited on the basis of preserved general cognition, absence of current psychiatric symptoms, and absence of relevant neurological history. Active recruitment took place between the years 2014-2016, in an urban city; participants were sought in the community, from groups of government programs (i.e., public activity groups for older adults), retirees' groups (i.e., groups of retired workers from a public institution), and the public Unified Health System.

All participants underwent a clinical interview and neuropsychological assessment conducted by a neuropsychologist. The assessment comprised three stages: 1) a clinical interview designed to exclude subjects with psychiatric, neurological, or other self-reported diseases that have an impact on cognition; 2) a brief cognitive screening to exclude those subjects with pathological cognitive decline; and 3) a comprehensive neuropsychological assessment.

The Universidade Federal de Minas Gerais ethics committee approved this study, which was conducted in accordance with the ethical rules for human experimentation stated in the Declaration of Helsinki. All participants gave written consent.

The moderation model was built considering that age is usually associated with brain changes that reflect cognitive performance outcomes.[@B17]

The general cognition composite score was built using the Dementia Rating Scale (DRS)[@B18] and the Frontal Assessment Battery (FAB),[@B19] providing a brief assessment of all cognitive domains. An intelligence factor score was built using the Vocabulary subtest of the Wechsler Adult Intelligence Scale (WAIS)-III[@B20] and the Raven Matrices.[@B21] Occupation scores were based on the Brazilian Occupation Classification (Classificação Brasileira de Ocupações \[CBO\]) skill levels, and divided into low- or non-low-level occupations.[@B22]

Cognitive composite z scores of episodic memory, executive functions, and visuoconstruction abilities were computed to use as control variables for the semantic memory score. The episodic memory score was built from the Rey Auditory Verbal Learning Test (RAVLT) delay recall, total words, and recognition trial.[@B23] The executive function score was built using the inverse digit span[@B20] and the inhibitory control and cognitive flexibility measures of the Five Digit Test (FDT).[@B24] The visuoconstruction score was built using the DRS constructional subscale and a copy of the simplified version of the Taylor Complex Figure (TCF).[@B25] The processing speed score was based on the first part (number reading) of the FDT. All the tasks used have been psychometrically validated for use in Brazil and are adequate for assessment of older adults.

The semantic memory score was based only on the semantic score (SEM) of the BAMS Semantic Memory Battery,[@B26] to avoid the overlap of conceptualization and fluency tasks that also exist in the global cognition scores and to ensure the score is less influenced by the executive factor. The SEM score is composed of naming, general knowledge, and word definition tasks. The BAMS is a semantic battery designed to have a lower education effect and rely more on an everyday type of knowledge (more details of the instrument are available elsewhere[@B26]). We also performed two additional controls with the SEM score. Firstly, regressing by a processing speed measure and education, resulting in a residual (semantic memory score after controlling for education and processing speed \[SEM-R\]) that minimizes the secondary effect of education and the highest impact of age on agility.[@B27],[@B28] The second score of semantic memory was regressed on education and a principal axis factoring score using all other neuropsychological (episodic memory, executive function, and visuoconstruction) scores except the semantic one, resulting in a residual (semantic score after controlling for all other cognitive domains and education \[SEM-RT\]) that yields a more accurate semantic memory score not shared across domains,[@B29] which also minimizes the secondary impact of education and other domains that contributes to semantic processing.

Statistical analysis
--------------------

Descriptive and distribution analysis was performed according to variable type; thus, this could be taken into account for subsequent data analyses. We analyzed education, intelligence, occupation, and semantic memory as moderators for the relationship between age and global cognition. The moderated path analysis included age with the moderator and interaction specified as supports for causation of general cognition ([Figure 1](#f01){ref-type="fig"}). The regression equation with interaction terms and mean centered predictors was used to construct the moderation model. We ran one model with one moderator per analysis to reduce statistical errors.

The independent and moderator variables had their mean centering calculated to reduce the correlation between product terms and constituent variables, in order to avoid extreme collinearity and unstable results.[@B30] We also decided on centering because the predictors would never be 0 in this study, allowing the intercept to have a real mean. To correct for a non-normal outcome, we used the maximum likelihood estimator (MLE) with robust standard errors and corrected model test statistics from the Satorra-Bentler model.[@B30] The analyses were performed using SPSS version 23 and Mplus version 7.31.

Results
=======

[Table 1](#t01){ref-type="table"} displays sample characteristics and cognitive scores. As expected, age alone was a predictor of global cognitive scores ([Table 2](#t02){ref-type="table"}). Despite each having a significant direct relation to global cognition, neither education, nor intelligence, nor occupation were moderators for the age-global cognition relationship.

SEM-R was a significant moderator, reducing the effect of age on general cognition ([Table 2](#t02){ref-type="table"}, [Figure 2](#f02){ref-type="fig"}). The effect size was small for the moderation effect for low age when comparing low and high semantic (d = -0.151) and for high age when comparing low and high semantic (d = -0.134). The SEM after controlling for all other cognitive domains and education (SEM-RT) revealed only a trend towards significance as a moderator (p = 0.091).

Discussion
==========

This work explored the role of education, intelligence, occupation, and semantic memory in moderating the effects of age on general cognition. The results support the role of semantic memory as a resilience factor and unexpectedly found that education, intelligence, and occupation did not have moderating effects in this specific sample.

Crystallized cognitive measures from language and semantic memory are widely used as resilience factors for aging.[@B31],[@B32] The social environment is an essential source of cultural knowledge that also builds semantic memory. Most previous studies that used vocabulary or general information measures did not control for secondary effects of education on semantic memory, but instead considered the shared covariance among measures.[@B05],[@B33] Our results indicate that a measure constructed as a combination of semantic memory tasks (including naming, general knowledge, and word definition) that considered the effect of education and other cognitive influences might be a valid alternative to traditional resilience factors.

Daily knowledge engagement can enhance the semantic memory of populations with sociocultural particularities.[@B14] The acquisition and progressive differentiation of a semantic network may allow the brain to refine its connectivity, as shown by the impact of traditional education, even if in a more straightforward mechanism.[@B34] This crystallized ability attained during one's lifetime minimizes the impact of age on cognitive performance, suggesting that it is a better proxy for cognitive changes during life that can sustain and promote resilience mechanisms. Darby et al., in a similar line, found that cognitive reserve might be related to the abilities of executive function and semantic memory to sustain cognitive performance in the face of Alzheimer's disease pathology.[@B35]

The absence of educational influence is not a common finding, but it has been reported.[@B36] In our scenario, the years of educational attainment superficially reflect the cognitive impact of this process because literacy levels do not fully correspond to what would be expected.[@B10] Even though literacy has been reported as a stronger predictor of cognitive functioning in these situations,[@B37]-[@B39] even reducing disparities,[@B09] we did not have a full sample literacy assessment to include in the model.

Our findings also did not reveal a moderating effect for intelligence or occupational profile. Socioeconomic status is an important marker of opportunity, and the majority of Brazilian older adults in this sample had been engaged in low- to medium-skilled occupations, based on their environmental requirements. This particularity may obscure the occupational impact on cognition for our sample, not accurately reflecting the opportunity to improve cognitive processes through professional skills. Our sample had a great range of educational attainment even within occupational groups, but most of our participants had performed low-skilled labor throughout their lives (data not shown).

In situations featuring low socioeconomic status, intelligence may show greater variance due to environmental effect. This effect seems to evolve both chronic/stable and acute/state results, since poverty is related to cognitive depletion.[@B40] It is possible that, for these older adults, childhood was marked by less access to books and reading, less responsive parents who were less engaged in school activities, and living in more disadvantaged environments which prevented them from reaching their intelligence potential.[@B41] Since intelligence is stable across most human development, it is possible that this measure still reflects the socioeconomic disparities, and its impact is thus obscured in this environment.

One limitation of this study is the small cross-sectional sample size. Future work with larger samples may shed greater light upon the role of semantic memory moderation effects when controlling for all other cognitive abilities. As cross-sectional analyses cannot prove causal relationships, only provide evidence in support of causation, future models should be performed in longitudinal data considering the rate of cognitive change. We also highlight the necessity of working with multiple-indicator methods[@B33] to clarify the extent to which semantic memory is relevant.

This study uncovers a potential limitation in using traditional resilience factors in societies with sociocultural and economic particularities. In developing countries, the use of resilience factors for aging effects based only on years of schooling may be misleading. Sociocultural issues influence educational systems and individual achievements; consequently, knowledge acquired during life moderates the effects of age on general cognition. Concomitantly, the semantic memory moderation effect should encourage studies of intervention aimed at promoting resilience factors in similar populations.
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###### Sample characteristics

                                                              Mean (SD)
  ----------------------------------------------------------- ---------------
  Age, years[\*](#TFN03t01){ref-type="table-fn"}              72.69 (8.25)
  Education, years[†](#TFN04t01){ref-type="table-fn"}         7.78 (5.50)
  Dementia Ratting Scale                                      131.23 (9.11)
  Frontal Assessment Battery                                  14.22 (2.77)
  Vocabulary WAIS-III subtest                                 30.49 (12.32)
  Raven's Progressive Matrices                                22.79 (7.01)
  Semantic score of the Semantic Memory Battery               53.02 (8.07)
                                                              **n (%)**
  Sex (female)[‡](#TFN05t01){ref-type="table-fn"}             86 (75.4)
  Occupation (low-level)[‡](#TFN05t01){ref-type="table-fn"}   80 (70.2)

All cognitive measures are reported as raw scores.

SD = standard deviation.

Min-max: 60-98; Kolmogorov-Smirnov: p = 0.004.

Min-max: 0-26; Kolmogorov-Smirnov: p \< 0.001.

Chi-square: p \< 0.001.

###### Moderated path analysis for interactions between age and resilience measures

  Variables            b[\*](#TFN02t02){ref-type="table-fn"}   SE b[\*](#TFN02t02){ref-type="table-fn"}            95%CI    p-value    R^2^ (%)
  -------------------- --------------------------------------- ------------------------------------------ -------- -------- ---------- ----------
  Age                  -0.266                                  0.078                                      -0.420   -0.112   \< 0.001   14.60
  Age                  -0.193                                  0.074                                      -0.338   -0.047   0.009      43.30
  Education            0.561                                   0.078                                      0.409    0.714    \< 0.001   
  Age × education      -0.002                                  0.012                                      -0.024   0.021    0.891      
  Age                  -0.143                                  0.056                                      -0.254   -0.032   0.011      58.80
  Intelligence         3.874                                   0.375                                      3.138    4.490    \< 0.001   
  Age × intelligence   0.084                                   0.066                                      -0.045   0.192    0.204      
  Age                  -0.245                                  0.069                                      -0.381   -0.109   \< 0.001   29.4
  Occupation           2.499                                   0.411                                      1.694    3.304    \< 0.001   
  Age × occupation     0.060                                   0.058                                      -0.053   0.174    0.300      
  Age                  -0.245                                  0.084                                      -0.410   -0.081   0.003      31.30
  SEM-R                0.400                                   0.081                                      0.242    0.558    \< 0.001   
  Age × SEM-R          -0.023                                  0.008                                      -0.040   -0.006   0.007      
  Age                  -0.213                                  0.058                                      -0.327   -0.099   \< 0.001   22.00
  SEM-RT               4.017                                   1.301                                      1.467    6.567    0.002      
  Age × SEM-RT         -0.271                                  0.161                                      -0.586   0.044    0.091      

95%CI = 95% confidence interval; SEM-R = semantic memory score after controlling for education and processing speed; SEM-RT = semantic score after controlling for all other cognitive domains and education.

Unstandardized coefficients.
